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Subject: Hydrauhc downpull studies of the fixed- wheel spillway
gates for Red Bluff Dlversmn Dam—-Centrdl Valley Proj-
ect, California !1 k) P

PURPOSE:\
Studies were conducted to determine the hél'bwnpull forces on the
60-foot-long by 18-foot-high vpstream seal, bow truss, wheel-
mounted spillway gate during free and submerged discharge
operation, . ST

CONCLUSIONS

Conclusions Based on Preliminary Tests and Investiga‘t'{o'"ﬁ‘::.

1. The buoyant characteristics of the gate were determined with

respect to depth of submergence (Figure 10). This relatlonshlp is
complicated because of the structure of the gate

2. Surface tension did not mterfere in the measurement of vertlcal
forces on the model gate during flow tests becausge the osc111at1ng
water surface tended to average out tension forces,

3. Vibration phenomena cannot be scaled from the model because
the equivalent gate mass was not represented in the model and it
was impossible to scale all forces applied to the vibrating system

Conclusions Based on F1xed~mode Tests

1. The coefficient of dlscharge of this gate was convemently ex-
pressed as a function of the headwater parameter (Hj/b) and the
tailwater parameter {(Hg/b)., The interrelationship of these param-
eters as determined from the model is shown in Figure 11A,




2, The submergence characteristics of the gate are given in di-
mensionless form in Figure 11B. In this plot the submergence
parameter {(S/b} is related to the tailwater and headwater parameters.

3. The pressuré head on the bottom of the gate lip is equal to the
submergence head at the downstream face of the gate, This phe-:
nomenon is clearly demonstrated in Figure 11C. '

4, Using the relationship as tated in Paragraph 3, the lip pres-.
Hi -5

sure head coefficient Pavg - b, Was computed. The interrelation-

ship of this coefficient with respect to the headwater and tallwater

parameters is given in Figure 11D.

2. Thé' combined vertical forces of buoyancy and gate lip p_ressure

were computed and plotted as solid lines in Figure 12, The effects

of truss drag, skinplate drag, slot jetting, and compartmentation

of air or water cannot be determined from the fixed-mode data.

Conclusions Based on Freely Suspended Mode Tests

™
.,

1. Horizontal forces, as measured, agreed closely with tho'D
normally computed by designers. '-‘i:\\

2. Slot jetting had considerable influence upon the magnitude of *3
the total vertical forces on the gate and was highly sensitive to T,
headwater, gate opening and submergence, - Forces from slot jet- -
ting can be either uplift due to impingement on the underside of the
web membranes or downpull due to compartmentation of water on

top of the Web membranes

3. The slot jetting was caused mostly by the expansion and deflec-
tion of the main flow into-the slot region below the gate lip rather
than by leakage necessary to keep the gate free and floating for
vertical force measurements. '

4. Comparison of the fixed-mode data with the floating-mode data
in Figure 12 shows that the net result of slot jetting contributes
uplift. The two sets of curves in Figure 12 shows that maximum
downpull will occur during unsubmerged flow. :

5. The maximum downpull force for the design head of 18 feet,
measured by the weighing method was 13, 000 pounds at a gate
opening of about 5-1/4 inches prototype and occurred at free d1s-
charge (Figure 15). :




INTRODUCTION

Red Bluff Diversion Dam is on the Sacramento River in the Central -

Valley Project, California, and is located about 2 miles downstream
from the town of Red Bluff (Figure 1). The dam will control the up-

stream water surface elevation by means of 10 spillway gates 18 feet
high and 60 feet long (Flgure 2},

The nature of the river downstream from the dam is such that at
large flows the water surfacze will be above the spillway crest and
will back up and submerge the gates., An upstream seal gate of _
conventional design with solid web beams would experience. large
downward forces during submerged operation because of the pres-
sure differential resulting from reduced pressures under the lower
beam due to the flowing water and positive pressures above the
beam due to tailwater. Similarly, large downpull forces would be .
experienced with a downstream seal gate of conventional design
for this installation. Large downpull forces were undesirable be-
cause of the extra costs for gate handling equlpment hoists, cables,
and operating bridges,

An-unusual design was adopted for the gates using an upstream
skinplate and seals, and open, free-draining trusses made of
2-7/8- and 2-3/8-inch-outside-diameter pipe on the downstream
side (Figure 3). This construction was expected to greatly reduce
the downpull forces when the tailwater is hlgh enough to cause sub-
merged flow.

For design purposes it was necessary to know the magnitude of the
downpull forces. An analytical evaluation would necessarily in-
volve a number of unknowns and would be uncertain. An hydrauhc
model study on a 1:18. 6 scale was therefore conducted.

Because of the un1que desipn of the gate and the expected submerged
flow condition, a weighing technique was used to determine the over-
all forces., Piezometric pressure measurements at selected points
permitted separating those forces due to the lip and bottom seal
from those of other sources.
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- THE MODEL

Selection of Model Scrle

The model scale was selected to keep the discharges within a con~
venient range of laboratory pump capacity and to provide a large
enough gate for good hydraulic similitude. The determination of
the drag forces on the pipe-truss members and the separation of
these forces from the lip seal forces was considered the key to the
study. The exact value of 1:18.6 was determined by these consid-
erations, and by the dimensions of the telescoping brass tubing
available for modeling the truss-pipe members.

gate

The gate was fabricated using galvanized sheet steel to form tee
sections, angle iron hracing, the lip seal, and the skinplate, Hard-
drawn brass tubing, sealed at their ends, represented the pipe mem-
bers of the trusses {Figures 4 and 5). Only the three lower trusses
were built in the model gate because the %ailwater would never rise
high enough to affect higher trusses. Wheels, which would not sig-
nificantly influence the downpull forces, were omitted. All other
pertinent members such as deflector plates, stiffeners, etc., were
included on the gate, Four piezometers were placed in the gate
bottom, or lip seal, to determine pressures acting under this sur-
face (Figures 4 and 5). Solid plate web members are at the slot

ends of the gate. These members, in conjunction with the tee flanges
and vertical end plates, form compartments which could trap water
or air. To prevent this possibility, drain holes were drilled as
shown in IFigure 4.

Flume and Head Box

A 25-foot-long flume, 20 inches’'deep and 44 inches wide, was used
to represent approach and downstream conditions for 1 bay of the
10-bay spillway. The flume was constructed of 2- by 4-inch fram-
ing and 1-inch siding. The flume was lined with sheet metal to
make it watertight, and was =quipped with suitable piping and an
8-foot wide by 8-foot long by 5-foot B-inch deep head box to pro-
vide good flow conditions (Figure 6).

Piers and Overflow Spillway Crest

Since the model represented one bay of the prototypve, ‘half piers
made of waterproofed wood were installed at each end of the bay,
Figure 6. The portion of the overflow spillway above elevation
230, 00 feet was represented in the flume and was formed of con-
crete. The prototype drawing of the overflow weir and piers ap-
pears in Figure 7,
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INSTRUMENTATICON AND TECHNIQUE

Suspension System

Generally, in gate downpull studies, the method of pressure deter-
mination by piezometers is preferred over the weighing technique.
This preference is due to difficulties in accounting for mechanical
friction forces of rollers, wheels, seals, and for leakage if the
gates are 1ifted_clear of the tracks., However, the determination
of the total vertiéal forces by pressure readings was considered
virtually impossible for the Red Bluff gate because of the open
trusses reinforcing the gate. Therefore, the weighing method was
selected and pressure measurements were obtained at selected
points on the gate for certain additional information.

The weighing system included a horizontal flexure bar, rigidly sup-
ported at the center and connected to the gate at the ends, and strain
gages to measure flexural deflections (Figure 8). The entire weigh-
ing system could be lowered or raised by means of threaded rods
and nuts to adjust the gate opening.

The flexing bar was milled from a 40- 1 [4 by 2- by 3/4 inch brass
bar. The length of each cantilevered end of the bar was 13-3/8
inches and was milled down to one-fourth inch. At the fixed ends

of the cantilevers were two 120-ohm, 1/4-inch bonded strain gages;
one wasg attached on the top surface and the other’on the botton:.sur-
face of the flexing arm. The four strain gages were connectied in
an external four-way additive and self-temperature compensating”
bridge and connected to one channel of a recorder. A switching cir-
cuit was devised so that readings of each arm could be recorded
separately in half-bridge circuits in two other channels of the re-
corder using internal dummies. The bridge and switching circuits
are shown in Figure 9A.

The brass flexing bar and the bonded strain gages were found to
be linear with respect to applied weight. The system was cali-
brated so that 1 pound of vertical force deflected the stylus 10 mm
on the recorder chart. :

To assure that the gate was not in contact with the gate tracks or
projecting seal seats during weighing (Detail P, Figure 6), a hori-
zontal harness system was developed This system consisted of
tensioned plano wires attached at the wheel point elevations . of the
gate, The wires were kept horizontal and in line with wheel ele-
vations by adjustable pulleys mounted in the head box (Figure ).
The horizontal tension in the wires was adjusted to hold the gate
in an upstream position, but just free from contact with the pro-
jecting seal seats, This placed the gate in its normal operating

- plane and avoided friction forces,




To measure wheel loads of the gate, a brass iube was inserted in
the main wire of each horizontal harness system. Four 120-ohm,
1/4-inch bonded strain gages were attached to each:tube. The
gages were paired off at 180° and connected in series. Dummy
gages were made in the same manner and were placed in the head
box so that they would not be strained, thus compensating for tem-
perature. The pairs of gages were connecied into a bridge circuit
as. shown in Figure 9B. Since the individual members of the pairs
of gages were placed 180° with respect to each other, the measur-
ing system was compensating in regard to bending forces on the
tubes. The tubes were calibrated so that 1 pound of horizontal
force would deflect the stylus 0.8 mm on the recording c_hart

Discharge Measurements

Discharge measurements were obtained by means of a calibrated _
venturi meter bank which is an integral part of the permanent hy-
draulic laboratory installation. ' .

- TESTING PROGRAM

General

Before installing the model gate in the flume, ' preliminary measure-

ments and investigations were conducted. The buoyant force on the
gate was measured for the range of submergences included in the
study. The effect of surface tension was investigated for scaling
interference., The possibility of scaling vibration phenomena from
this particular model wag also investigated.

After the preliminary measurements and investigations, the gate
was installed in the flume and two basic modes of testing were con-
ducted. One mode was with the gate fixed or wedged into its nor-
mal upstream position within the gate slot. Hydraulic characteris-
tics, such as coefficient of discharge, lip pressure, and depth of
submergence were determined with the gate fixed at various gate
openings (Table I). The other mode was with the gate freely sus-
pended on the harness system in a manner so that vertical and hor-
izpntal forces on the gate could be measured without interference
of bearing or seal friction forces. Care was taken to insure that
the pate was not allowed to move downstream far enough away from
the seal seat projections to allow excessive flow around the sides.
Data obtained in this mauner are compiled in Tables IT and III,




Preliminary Tests and Investigations

Buoyancy determination. There are three common methods of
determining the buoyant force characteristics of a gate. The first
is a detailed computation of the volume of the structural parts of

the gate. This method would be cumbersome for the Red Bluff gate.
The second is to actually weigh the gate in air and at various de-
grees of submergence, The third is to measure the volume of water
displaced at various depths.of submergence, The volume displace-
ment method was selected because of convenience and small influ-
ence of interfering factors such as surface tension.

The volume of water displaced by the gate at various depths of sub-
mergence was determined by a pressure cell that was calibrated

to trace the volume of water displaced as the gaie was slowly low~
ered into a tight-fitting prismatic tank. A wetting agent was added
to the water to reduce the surface tension effects. A continual rec-
ord of the gate elevation was concurrently obtained by a linear po-
tentiometer geared to the gate., The buoyant force was then com-
puted from the volume oi displaced water and was plotted versus
the depth of submergence (Figure 10), ' '

Consideration of surface tensiori. In the prelimirary stages of
this model study, surface tension was expected to have significant
effects on the vertical force measurements of the model gate. Sur-

face tension was significant for measurements obtained with the
water surface static or for the condition when the water surface was
continually moving in one direciion with respect to the gate trusses.
However, when flow is passing through the trusses, as it will in the
" Red Bluff gates, the water surface is continually oscillating. This
surface fluctuation causes the surface tensgion force on any part of
the gate to oscillate between receding and ascending regimes, re-
sulting in negative and positive forces If the water surface oscil-
lation is symmetirical with respect to the mean water surface ele-
vation, the positive and negative surface tension forces are nulli-
fied. This condition prevailed in the tests and surface tension
forces were not a significant factor.

Consideration of vibrations. The possibility of undesirable vibra-
tions is ol concern in the design of a gate, It is impossible or ex-
iremely difficult to predict by design calculations the magnitudes

of the vibration forces in a structure as complex as these gates.
Two types of vibration are possible; vibration of the gate as a unit,
and vibration of individual gate components. In most studies, com-
ponent vibration is not considered, When vibration as a unit is
considered, the mass of the system must scale as the cube of the
length ratio and the spring constant of the vertical suspension sys-
tem must scale as the square of the length ratio, The sum of the




mass of the model gate and flexing bar could not be scaled because
of the limitations of materials for fabrication. A further hindrance
to scaling was the necessary absence of guide rollers, the flap-
type gate seals, and wheel friction during weighing. For the Red _
Bluff gate studies, therefore, the p0551b111ty of scaling of vlbr'mmn .
was sacrificed. .

Another source of scaling discrepancy is the problem of scaling |
viscous dampening. This problem is accentuated by submergence
of the pipe members of the bow trusses. A Reynolds correction
must be interjected inlo the study in-order 1o scale viscous damp-
ening forces. Consequently, no inference of the response of the:
prototype gate to flow induced oscillations can be made from the
mode]l gate. However, no troublesome surging of the flow was ob-
served visually nor detected during piezometer readings.

Fixed-mode Tests

The hydraulic characteristics of the gate were determined from
analyses of the fixed-mode model data in terms of dlmensmnless
parameters (Figure 11). V

These parameters were Cq, H; /b, Hz/b, fS/b:,f and (-—Iil-__s—)

Pavg - b
The coefficient discharge, Cg, is defined by:
1)

where Q is the discharge, b is the gate opening, B is the crest
length or width between piers, g is the acceleration of gravity, =
and Hj is the depth of headwater with the crest as the datum and
measured one bay width upstream from the skinplate. ‘
The parameter, Hi/b, is called the “h@adwater parameter, "
H9/b is designated the ' tallwater parameter, " where Hj.is the
tailwater depth above the trest measured two bay widths down- :
stream from the skinplate, S/b is called the !'submergence param-
eter" where S is defined as the depth of water above the crest at

H) -5
Pavg = b
"lip pressure head coefficient" where (Payg - b) is the average *
pressure head on the bottom of the gate Iip and (Payg) is the aver-
age piezometric pressure on the gate lip with the ovérflow crest
at the datum.

the downstream face of tiiz skinplate. The ratlo is the"




Coefficient of discharge. The coefficient of discharge for free-
flow conditions, as defined by Equation (1), follows the upper
dashed lined curve in Figure 11A, However, for submerged flow
conditions C4 becomes a function of both the headwater and tail-
water parameters, Hy/b and Ho/b and takes the form of a series
of curves (Flgure 11A1)

Submergence parameter. Because the buoyancy of the downstream-
structural members was to be separated from the other vertical
forces, the relationship of submergence on the downstream face of
the gate with respect to the headwater and tailwater had to be de- -
termined. To do this, the headwater parameter Hj/b was plotted
versus the tailwater parameter H2/b with the submergence param-
eter S/b as the third variable (Figure 11B), The 45° line passing
through the origin represents the no-flow condition when the three
parameters are equal to each other, The determination of the con-
dition of when free discharge is first attained as the submergence
approaches a value equal to the gate opening is difficult because of
the fluctuating water surface in the downstream roller, Therefore,
. a shaded parabola was used and demgnated as S/b approximately
equal to one. Any.combination of H; /b and Hs/b below the shaded
parabola represenis a deflmte free~f10w condition. '

Interrelationship of submergence and pressure head on lip, Early
in the fixed-mode tostmg program, it was noted that the pressure
heads on the gate. np were nearly equal to the depth of submergence
on the downstreim face of the skinplate. To substantiate this ob-
servation, average values of the pressure head were computed and
plotted in the form of (Pgyg - b} versus (S - b) (Figure 11C). The
plot clearly demonstrates Eqat the downstream submergence and
the pressure head on the gate lip-are equal and identical for the
Red Bluff gate,

Lip pressure head coefficient. It was assumed that the pressure
head coefficient is a function of the headwater and tailwater param-
eters, i.e.,

(H1 - 9) c,b hl Hz : _
(P -' by ... (2)

~This assumption was ver].fled directly from the model data. How-
ever, since it was previously established that (S - b) is equal to
(Pav - b), values of H;/b were computed and plotted for assumed
values of S/b and pressure head coefficient (Figure 11D). Values
of Hy/b were determined from Figure 11B. The 45° line passing
through the origin represents zero pressure head coefficient or the
no-flow condition. The zone of definite free flow is below the shaded
parabola, : 5 '




Forces that can be determined from fixed-mode tests. At this
stage of the study it was possible to compute the resultant vertical
forces on the gate due to buoyancy and lip pressures for any com- =
bination of headwater, gate opening, and submergence. The head-
water was used to compute the force on the top of the gate lip pro-
jection. The amount of submergence was determined by using the
gate opening and headwater in conjunction with Figure 11, The sub-
mergence head, being equal to the bottom lip pressure, was used

to compute the vertical force on the gate lip seal. The difference

of absissa between the two curves in Figure 10 was used to deter-
mine buoyant forces due to structural members on the downstream
face of the gate. These computations were done for arbitrary gate
openings of 1. 65 and 2, 58 feet prototype and piotted in Figure 12

as examples of how the combined forces of the gate lip and buoyancy
vary with respect to submergence. The curves of these computa-
tions are shown as solid lines.

It should be noted that other information is needed to truly evaluate.
the vertical forces on the gate. In the fixed-mode tests other possi-
ble sources of vertical forces have not been taken into account.

These are deflection of flow from the gate slot, drag on the skin-
plate, drag of downstream roller passing through bow trusses and
compartmentation of air or water in or on parts of the gate structure.

To more fully evaluate vertical forces on a complicated structure
like Red Bluff Diversion pate it was necessary to use the weighing
technique in which the gate was freely suspended so that the total

vertical force could be measured.

Freely Suspended Mode Tests

Horizontal forces on gate. In the earlier stages of the freely sus-
pended mode tests it was noted that the measured horizontal forces
agreed closely with those normally computed by designers. Any
differences between the measured and computed values could rea-
sonably be attributed to sealing differences between the prototype
and model and to model measuring devices which are discussed
subsequently under "Evaluation of Instrumentation and Technique."”
Consequently, no analyses of horizontal forces are presented in
this report.

Effect of slot jetting on vertical force meastizements. Slot jetting
had considerable influence upon the resultant veriical forces meas-
ured on the model gate. Therefore, it was necessuzy to establish
qualitatively the difference in jetting in the model whensthe gate was
floating in the slot and when it was completely sealed on the up-
stream face as is the case for the prototype. It was questioned
whether the jetting in the model was caused more by the leakage
necessary to keep the gate floating so that downpull could be meas-
ured, or caused more by the expansion and deflection of the main

10




flow in the slot below the gate iip. To obtain a better insight of the
jetting action, the model was operated at two gate openings in the
free-flow condition. For both openings the headwater elevation was
maintained at 18 feet, For each of the gate openings, closeup photo-
graphs were taken of the downstream slot region for three conditions
of sealing, Figures 13 and 14. The first conditicn was with the gate
freely suspended in the slot and just clearing the slot seal projection;
the second condition was with the gate pulled upstream with the skin-
plate fixed against the seal projection; and the third was with the
gate fixed against the prOJectlon and completely sealed with model-
ing clay.

The photographs clearly show that for a gate opening of 2. 6-foot
prototype, the jetting action in the slot region is essentially the
same for all three conditions of sealing, However, for the smaller
gate opening (1. 2-foot prototype}, the deflected jet was impinging
upon the underside of the bottom truss web membrane slightly more
than when the gate was floating in the slot than when fixed or when
fixed and sealed. There are other combinations of headwater, gate
openings, and submergence where part of the deflected jet folded
around the end of the gate and collected on top of the web membranes
in the compartments at the slot ends of the gate,

During the course of both the fixed and freely suspended mode tests,
it was found. that the variation in jetting action was highly sensitive
to the headwater, gate opening, and submergence, These factors
predominated over the condition of sealing.

Submerged vertical force measurements. To obtain a better in-

sight of the elfect of the sources of vertical force that could not be
measured by the fixed~mode tests, freely suspended mode data

were obtained for the same gate openings and range of submergences
that were plotted from fixed-mode data (Figure 12}, These sources
are, slot flow, skinplate drag and compartmentation of air or water,
The freely suspended mode data points were also plotted in Figure 12
and their curve trend denoted by dashed lines. Comparison of the two
modes of testing shows that the freely suspended mode data are off-
set in the uplift direction,” Therefore, contrary 16 -€xpected results
the drag of the downstream roller passing through the bow trusses
was minor relative to uplift caused by the deflected slot flow impings |
ing on the underside of the web membrane, Furthermore, the two
sets of curves show that downpull continually increases as the flow
conditions approach free discharge and maximum downpull would
occur at some gate opening during unsubmerged flow.

Free discharge vertical force measurements, Runs were made to
determine the gate opening that results in the maximum downpull .




force on the gate for free discharge conditions. The gate was set
to represent a 1, 16-inch prototype opening and the discharge was
adjusted until the headwater was at the design operation level. The
horlzontal tensioning was adjusted to assure that the gate was just
free of the slot seal projection and the measurement of the down-
pull was recorded. The gate opening was increased in 2.33-inch
prototype steps, the water surface was maintained at full cperat-
ing head, and records were made of the vertical force. The re-
sults of these tests are in tabulated form in Table III and as a curve
of gate opening versus vertical force (Figure 15).

Maximum downpull, The maximum downpull occurred with free-
discharge conditions and was about 13, 000 pounds. This downpull
occurred at an opening of about 5-1{4-iixch prototype.

EVALUATION OF INSTRUMENTATION AND MODEL TECHNIQUE

The instrumentation and model techniques were adequate for ob-
taining the information desired irom the model study. However,
they were cumbersome and time consuming for small openings .

. and/or for small submergences, The source of the most trouble’
was the difficulty of maintaining the gate in a stable floating con-
dition while headwater was being adjusted and while measurements
were being obtained. It is recommended that.in future studies of
this type that a thorOugh survey be made of ‘the present knowledge
of the use of air as in "almost frictionless" beanngs and ''near
surface vehicles,' By this means, dependency on horizontal wires
might be elirninated, The air jets could possibly be designed to
prevent undesirable water leakage that mlgh effect vertical force
measurements., Ease and fineness.of dd]usiment might be increased
by valve conirols on the air supplies. In the eveni horizontal wires
are necessary, consideration should be given to using four parallel
wires, thereby giving a parallelogram-type movement as the gate
shifts from side to side rather than the pivoting movement obtained
with the yoke and two-wire system used in this study (Figure 6).

The flexing bar and its strain gages worked very well for measur-
ing vertical forces, However, changing the gate opening was cum-
bersome, This fault could be overcome by quick-acting and syn-
cronized powered raising and lowermg ‘:ne(,hanlsms

The horizontal strain gage tubes used to measure wheel loads on ',
the gate worked satisfactorily provided great care was taken in
assuring that no torsion was applied to the strain gage tubes during
measurements. The sirain gages were arranged to be compensating
for bending and for temperature,




The Sanborn multichannel recorder operated satisfactorily during
this study. However, better use could have been made of it, and
more complete data could have been obtained if additional automa- -
tic equipment had been available. As an example, downpull read-
ings were taken with the gate set at specific, essentially fixed open-"
ings. Average values of downpull were obtained visually from the
record charts, and a plot of downpull versus openings was developed.

A better system would have been to continually move the gate through

opening and closing cycles, maintaining appropriate head and dis-
charge conditions by automatic controls, and obtaining readouts
from data averaging electronic equipment. In this manner, very
accurate, descriptive, and complete downpull histories would be
relatively quickly obtained.
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Table IT
FREELY SUSPENDED MODE DATA

Vertical Force on Gate during Submerged Fldw
*H; = 18-foot prototype

Model Protot
Gate open 1.66 (in.) | - GCate open é.% (£t

Yert. force | ' Vert. force
1ift | D, pull & Uplift | D.
Elbj (). ) Gb

~ 0.98

6,310
4,850
4,500
3,860
4,830
4,180
2,570
2’9m
3,350
1,930
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Vert. force
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*See Figure 11 for symbol definitions.
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Table IIT

FREELY SUSPERDED MODE DATA
Unsubmerged flow

Vexchman Dowppull Detemipation
Model Prototyve

E* | p* Dgsgi: Y| D:Eii
(gt | (3n.) w) [ (Fe) | GnJ | (b)
1/52 | 0.8 | 18.0] 0.581L| 5,150
5/32 | 1.1 | 18.0 | 2.90 | 7,080
9/32 | 2.0 | 18.0 | 5.23 | 12,900
13/32 | 1.25| 18.0 | 7.55 | 8,040
1/52.| 1.0 | 18.0 | 0.581| 6,435
5/32 | 1.k | 18.0 | 2.90 | 9,010
9/32 | 2.0 | 18.0| 5.23 |12,900
13/32 18.0 | 7.55 | 9,650

o,

LV L e B I S

for symbol definitions.
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Figure 5
Report Hyd-511

3. . Lower bow truss

'U

C. Asscmbled gate viewed from top rear

D. Assembled galte viewed {rom bhottom

RED BLUKI® DIVERSION GATE
DOWNPULL STUDIES

Model of the Open Truss Fixed-wheel Gate
1:18, 6 Moclel
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Fipure 8 )
Report Hyd-511

4. F Gy P e R

i

Flexing bar installed in model

RED BLUFF DIVERSION GATE
DOWNPULL STUDIES

Vertical Suspension Used for Mode]l Weighing Technique
1:18. 6 Scale Model
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FIGURE 12
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Figure 13
Report Hyd-511

C. Gate fixed and completely sealed on upstream
face with modeling clay

RED BLUFF DIVERSION DAM
DOWNPULL STUDIES

Flow Conditions at Stot for Different Methods of
Suspending and Sealing Model Gate
Gate Opening (b} = 1, 2 Feet
Head (H1) = 18 Feet
1:18, 6 Scale Model




Figure 14
Report Hyd=511

elot

B. Gete fixed against upstream slot
geal projection

Gate fixed and completely sealed on up-
stream face with modeling clay

RED BLUFF DIVERSION GATE
DOWNPULL STUDIES

Flow Conditions at Slot for Different Methods of
Suspending and Sealing Model Gate
Gate Opening (b) = 2. 6 Feet
Head {(Hy) = 18 Feet
1:18. 6 Scale Model




FIGURE 15
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